. Local conformational changes
INTRODUCTION
The prevalent model for the process of transcription activation by prokaryotic regulatory proteins involves at least two steps: the activator first binds to DNA in the vicinity of the promoter and then facilitates binding of the RNA polymerase and/or the formation of a transcriptionally active open complex. Transcription activators frequently bind to DNA as dimers recognizing symmetric binding sites consisting of short inverted repeats. This seems to be a convenient way to increase the interactions with DNA without the need of synthesizing excessively large proteins (16) . Bendability of the binding site can also play a significant role in the binding process in those cases where the DNA accommodates or wraps around the protein (21) . In several promoters, the activation process appears to be induced by direct contacts between the activator and the RNA polymerase (reviewed in 1) although in some systems in which the activator induces a significant increase in DNA curvature, this change in promoter geometry also seems to play a role in the activation mechanism (3, 14) . Local (11) .
In this paper we describe the characterization of the protein p4 recognition sequences at the late A3 promoter and present evidence suggesting that the activator and the RNA polymerase directly contact each other.
METHODS

DNA manipulations
Plasmid DNA was purified using standard methods (10) . 429 DNA was prepared as described (8) Fig. 4 , an increase in the amount of template DNA up to 40 ng was correlated with an increase in the protein p4-dependent transcription of all the templates. The activity of mutant PA3A95, which conserves the two inverted sequences that constitute the complete protein p4 recognition site, was similar to that of the wild-type promoter, whereas mutants P,eA87 and P4A88, which have the distal inverted sequence substituted by vector sequences, showed about 5 and 2.3 times less activity, respectively, than the wild-type P,A when assayed at low DNA concentration. The residual activity in the mutants could be accounted for by some partial homology of the vector sequences with the deleted sequences (Fig 3) . Alternatively, it could reflect that protein p4 is still able to recognize its binding site, although with low efficiency, when only half of its recognition sequences are maintained. This possibility was investigated by DNase I footprinting. The proposed contacts between phage 029 protein p4 and RNA polymerase are relevant for the understanding of the mechanism of transcription activation. Direct contacts between an activator protein and the RNA polymerase have also been proposed in the case of lambda CI repressor (4), the NtrC activator (20, 22) and for the CRP protein (6, 13, 19) . It is of interest to compare protein p4 with CRP, since both activators induce a strong curvature in the DNA when binding to it. It has been shown that substitution of the CRP binding site in the E. coli gal promoter by a strong sequence-directed curvature, correctly aligned relative to the RNA polymerase binding site, significantly increases in vivo transcription from the CRP stimulated promoter, this effect being absolutely dependent on the orientation of the curvature (3) . This led to the proposal that CRP activation mechanism relies to a significant extent on the curvature that it induces in the DNA, which should be enough to favour the correct positioning of the RNA polymerase and the formation of an open complex. According to this, the postulated contacts with the RNA polymerase would be an additional factor in the activation process. Although a similar approach has not yet been followed in the case of protein p4, it is clear that p4-induced curvature in the A3 promoter is required in the activation process, since the promoter remains inactive when protein p4 is not able to induce a full bending of the DNA (14) . In addition, the data presented in this paper suggest the existence of direct contacts between protein p4 and RNA polymerase. This is in agreement protein p4 binding lied precisely in the above mentioned inverted with recent findings suggesting that protein p4 needs to be correctly aligned relative to the RNA polymerase binding site to activate transcription efficiently. The introduction of four bp between the binding sites of both proteins impaired transcription from PA3 (17) . In addition, it was shown that if these binding sites were separated by complete helical repeats, therefore maintaining their relative orientation, activation of transcription was only possible when the intervening sequences had a bent conformation. Both observations suggest that activation requires an interaction between protein p4 and RNA polymerase (17) . Two possibilities are therefore conceivable: either both p4-induced DNA bending and p4-RNA polymerase contacts have an independent but additive effect in the activation mechanism, or the role of the p4-induced curvature is just to correctly orient the activator relative to the RNA polymerase so that adequate contacts can be made.
